Molecular Cloning and Expression of Three Polygalacturonase cDNAs from the Tarnished Plant Bug, Lygus lineolaris by Allen, Margaret L. & Mertens, Jeffrey A.
Molecular cloning and expression of three
polygalacturonase cDNAs from the tarnished plant
bug, Lygus lineolaris
















Abbreviations: /OSJ Lygus lineolaris SRO\JDODFWXURQDVH5$&(UDSLGDPSOLILFDWLRQRIF'1$HQGV573&5UHYHUVH
WUDQVFULSWLRQSRO\PHUDVHFKDLQUHDFWLRQ
Correspondence: D0HJ$OOHQ#DUVXVGDJRY E-HIIUH\0HUWHQV#DUVXVGDJRY




Cite this paper as:
$OOHQ0/0HUWHQV-$0ROHFXODUFORQLQJDQGH[SUHVVLRQRIWKUHHSRO\JDODFWXURQDVHF'1$VIURPWKH




3K\WRSKDJRXV LQVHFWV GHULYH QXWULWLRQDO UHVRXUFHV
E\ FRQVXPLQJ DQG GLJHVWLQJ SODQW FRPSRXQGV
VRPH RI ZKLFK DUH FRPSOH[ VXFK DV WKRVH IRXQG
LQ FHOO ZDOOV 3HFWLQ LV D FRPSOH[ FDUERK\GUDWH DQG
D PDMRU FRPSRQHQW RI WKH SODQW FHOO ZDOO (Q]\PHV
WKDW GHJUDGH SHFWLQ IRUP D ODUJH JURXS WKDW
LQFOXGHV SRO\JDODFWXURQDVHV (&  WKDW
K\GURO\]H Ơ OLQNHG 'JDODFWXURQLF DFLG XQLWV
$OWKRXJK SRO\JDODFWXURQDVHV DQG RWKHU SODQW FHOO
ZDOO GHJUDGLQJ HQ]\PHV KDYH EHHQ LGHQWLILHG DQG
SXULILHG IURP VHYHUDO LQVHFWV $JEORU HW DO 
$JXVWL HW DO  &KHUTXL HW DO  &RKHQ HW
DO  'RRVWGDU HW DO  )UDWL HW DO 
/DXUHPD HW DO  0D HW DO  6KHQ HW DO
 WKH JHQHV HQFRGLQJ SRO\JDODFWXURQDVHV
KDYH EHHQ FKDUDFWHUL]HG IURP RQO\ WZR LQVHFWV
WKH PXVWDUG EHHWOH Phaedon cochleariae
&ROHRSWHUD &KU\VRPHOLGDH *LUDUG HW DO 
DQG WKH ULFH ZHHYLO Sitophilus oryzae &ROHRSWHUD
&XUFXOLRQLGDH 6KHQ HW DO  6KHQ HW DO
 %RWK RI WKHVH EHHWOHV IHHG RQ OLYLQJ SODQWV
EXW QHLWKHU IHHGV E\ WKH SLHUFLQJVXFNLQJ
PHFKDQLVPIRXQGLQ+HWHURSWHUD
7KH WDUQLVKHG SODQW EXJ Lygus lineolaris 3DOLVRW
GH %HDXYRLV +HPLSWHUD 0LULGDH LQIHVWV PDQ\
FURSV LQ WKH HDVWHUQ 8QLWHG 6WDWHV DQG &DQDGD
DQG RIWHQ UHTXLUHV FRQWURO Lygus VSS GDPDJH
FRWWRQ DOIDOID VHHGV IUXLWV DQG YHJHWDEOH FURSV E\
LQVHUWLQJ VW\OHWV QHHGOHOLNH PRXWKSDUWV LQWR
SODQW WLVVXHV DQG LQMHFWLQJ VDOLYD WKDW FDXVHV
WLVVXH QHFURVLV DEVFLVVLRQ DQG GHIRUPDWLRQ
6WURQJ  Lygus VSS VDOLYDU\ HQ]\PHV
FRQWDLQ SRO\JDODFWXURQDVHV WKDW K\GURO\]H SHFWLF
SRO\VDFFKDULGHV LQ SODQW FHOO ZDOOV $JEORU HW DO
 6WURQJ HW DO  0RUH WKDQ RQH
SRO\JDODFWXURQDVH LV SUHVHQW LQ Lygus VSS VDOLYD
DQG DUH WKH SULPDU\ FDXVH RI SODQW WLVVXH GDPDJH
6KDFNHO HW DO  2WKHU EXJV LQ WKH IDPLO\
0LULGDH DOVR SURGXFH SRO\JDODFWXURQDVHV
SULPDULO\ LQ VDOLYDU\ JODQGV LQWHUHVWLQJO\
SRO\JDODFWXURQDVHV KDYH QRW EHHQ GHWHFWHG LQ
RWKHU SK\WRSKDJRXV KHWHURSWHUDQ IDPLOLHV )UDWL
HWDO /DXUHPDHWDO
0ROHFXODU JHQHWLF FKDUDFWHUL]DWLRQ RI
SRO\JDODFWXURQDVHV IURP DJULFXOWXUDO SHVWV
HVSHFLDOO\ WKRVH ZLWK SLHUFLQJVXFNLQJ IHHGLQJ
PHFKDQLVPV ZLOO EH KHOSIXO LQ IRUPXODWLQJ DQG
VHOHFWLQJ SHVW UHVLVWDQW FURSV 0DQ\ SODQWV
SURGXFH SRO\JDODFWXURQDVHLQKLELWLQJ SURWHLQV
WKDW DUH EHLQJ VWXGLHG IRU SRWHQWLDO XVH HLWKHU
WKURXJK SODQW VHOHFWLRQ RU JHQHWLF PDQLSXODWLRQ
DV GHIHQVH DJDLQVW IXQJDO DQG LQVHFW GDPDJH
'
2YLGLR HW DO  +RZHOO HW DO  3RZHOO
HW DO  6KDFNHO HW DO  $OVR
SHFWLQGHJUDGLQJ HQ]\PHV FDQ EH XVHG IRU IRRG
DQG ILEHU SURFHVVLQJ DSSOLFDWLRQV $JEORU HW DO
 -D\DQL HW DO  6KDFNHO HW DO 
6ROEDN HW DO  ,GHQWLILFDWLRQ RI QHZ JHQHV
HQFRGLQJ SRO\JDODFWXURQDVHV IURP SODQWIHHGLQJ
PLULGV ZLOO SURPRWH SURJUHVV LQ DJULFXOWXUDO
VFLHQFHDQGWHFKQRORJ\
:KLOH DQDO\]LQJ DQG FDWDORJXLQJ D VHW RI F'1$
VHTXHQFHV IURP WDUQLVKHG SODQW EXJ PDOH Q\PSKV
$OOHQ  WKUHH VHTXHQFHV KRPRORJRXV WR
SRO\JDODFWXURQDVHV ZHUH IRXQG 7KHVH VHTXHQFHV
LQGLFDWHG WKUHH GLVWLQFW
SRO\JDODFWXURQDVHHQFRGLQJ JHQHV WKDW ZHUH PRUH
VLPLODU WR IXQJDO SRO\JDODFWXURQDVH JHQHV WKDQ
SRO\JDODFWXURQDVHV DVVRFLDWHG ZLWK EHHWOHV 7KH
SUHVHQFH DQG GLVVLPLODULW\ RI WKHVH JHQHV
VXJJHVWHG WKH H[LVWHQFH RI D EURDG IDPLO\ RI
SRO\JDODFWXURQDVHV LQ SK\WRSKDJRXV PLULG EXJV
$OO WKUHH JHQHV ZHUH DPSOLILHG LQ WKHLU HQWLUHW\
DIWHU LGHQWLILFDWLRQ RI ERWK HQGV E\ UDSLG
DPSOLILFDWLRQ RI F'1$ HQGV 5$&( 6HYHUDO
FRSLHV RI WKH JHQHV ZHUH DPSOLILHG XVLQJ ERWK
VWDQGDUG DQG SURRIUHDGLQJ SRO\PHUDVH 3&5
XVLQJ VSHFLILF SULPHUV DQG JHQRPLF '1$
LGHQWLILHG DQ LQWURQ LQ RQH RI WKH JHQHV
6WDJHVSHFLILF H[SUHVVLRQ RI WKH WKUHH JHQHV ZDV
H[DPLQHG E\ VHPLQTXDQWLWDWLYH 573&5 7KH




$ ODERUDWRU\ FRORQ\ RI L. lineolaris ZDV
HVWDEOLVKHG IURP VSHFLPHQV VXSSOLHG E\ 'U (ULF
9LOODYDVR DW WKH 86'$ $56 )DFLOLW\ LQ 6WDUNYLOOH
06 DQG PDLQWDLQHG XQGHU VWDQGDUG FRQGLWLRQV
 /' DW & DQG & UHVSHFWLYHO\  5+
LQ 3HUFLYDO ZZZSHUFLYDOVFLHQWLILFFRP
LQFXEDWRUV DW WKH 86'$ 6WRQHYLOOH 5HVHDUFK
4XDUDQWLQH )DFLOLW\ HVVHQWLDOO\ DV GHVFULEHG $OOHQ
 &RKHQ
Nucleic acid (RNA and DNA) extraction
7RWDO 51$ ZDV H[WUDFWHG IURP ZKROH OLYH
VSHFLPHQV XVLQJ WKH $PELRQ ZZZDPELRQFRP
0XOWL(Q]\PDWLF /LTXHIDFWLRQ RI 7LVVXH 0(/7
WRWDO QXFOHLF DFLG LVRODWLRQ V\VWHP DFFRUGLQJ WR
LQVWUXFWLRQV VXSSOLHG E\ WKH PDQXIDFWXUHU
6DPSOHV ZHUH SUHSDUHG XVLQJ D '1DVH GLJHVWLRQ
VWHS 3RO\DGHQ\ODWHG 51$ ZDV SUHSDUHG IURP
WRWDO 51$ VDPSOHV XVLQJ WKH $PELRQ 3RO\$
3XULVW 0$* PDJQHWLF SRO\$ 51$ SXULILFDWLRQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH NLW DFFRUGLQJ WR PDQXIDFWXUHU LQVWUXFWLRQV $OO
VDPSOHV ZHUH PHDVXUHG VSHFWURSKRWRPHWULFDOO\ WR
GHWHUPLQH FRQFHQWUDWLRQ DQG SXULW\ *HQRPLF
'1$ ZDV H[WUDFWHG XVLQJ WKH 3URPHJD
ZZZSURPHJDFRP :L]DUG 69 *HQRPLF '1$
3XULILFDWLRQ 6\VWHP DFFRUGLQJ WR PDQXIDFWXUHU
LQVWUXFWLRQV IRU SUHSDUDWLRQ RI PRXVH WDLO DQG
WLVVXH O\VDWHV 6DPSOHV ZHUH FUXVKHG LQ GLJHVWLRQ
VROXWLRQ FRQWDLQLQJ SURWHLQDVH . DQG LQFXEDWHG
RYHUQLJKW WKHQ FHQWULIXJHG DQG VHSDUDWHG IURP
XQGLJHVWHG PDWHULDOV SULRU WR FROXPQ DSSOLFDWLRQ
1XFOHDVHIUHH ZDWHU ZDV KHDWHG WR & SULRU WR
HOXWLRQ IRU LPSURYHG \LHOG 6DPSOHV ZHUH
PHDVXUHG VSHFWURSKRWRPHWULFDOO\ LI WKH VDPSOH
JDYH ORZ \LHOG RU ZDV FRQWDPLQDWHG ZLWK SURWHLQ
 UHDGLQJ  WKH VDPSOH ZDV FOHDQHG
DQG FRQFHQWUDWHG XVLQJ =\PR
ZZZ]\PRUHVHDUFKFRP '1$ &OHDQ 	
&RQFHQWUDWRUFROXPQ
Library construction
7RWDO 51$ ZDV H[WUDFWHG GHVFULEHG DERYH IURP
ILIWK LQVWDU Q\PSK PDOHV ZKLFK ZHUH VHOHFWHG E\
DQHVWKHWL]LQJ ZLWK &2 DQG H[DPLQLQJ WKH YHQWUDO
SRVWHULRU IRU WKH DEVHQFH RI D GHYHORSLQJ
RYLSRVLWRU ,QGLYLGXDO PDOHV ZKROH LQVHFWV ZHUH
XVHG IRU H[WUDFWLRQV DQG WRWDO 51$ \LHOG YDULHG
IURP  ƫJ WR  ƫJ SHU VSHFLPHQ 6L[ VDPSOHV
ZLWK \LHOGV ! ƫJ ZHUH FRPELQHG DQG XVHG WR
SXULI\ SRO\$ 51$ 7KH SRO\$ 51$  ƫJ
ZDV XVHG WR SUHSDUH D F'1$ OLEUDU\ DV GHVFULEHG
$OOHQ  XVLQJ WKH ,QYLWURJHQ
ZZZLQYLWURJHQFRP 6XSHU6FULSW SODVPLG
V\VWHP ZLWK *DWHZD\ 7HFKQRORJ\ IRU F'1$
V\QWKHVLV DQG FORQLQJ DFFRUGLQJ WR LQVWUXFWLRQV
SURYLGHG H[FHSW WKDW TXDQWLILFDWLRQ RI
FRQFHQWUDWLRQ RI VL]H IUDFWLRQV ZDV FDOFXODWHG
VSHFWURSKRWRPHWULFDOO\ $ IUDFWLRQ FRQWDLQLQJ
WUDQVFULSWV RI DERXW  NE LQ OHQJWK ZDV OLJDWHG LQWR
WKH S63257 YHFWRU DQG WKHQ WUDQVIRUPHG LQWR
2QH 6KRW 2PQL0$;  7 SKDJHUHVLVWDQW
FHOOV
RACE and full-length cloning
(QGV RI WKH F'1$ HQFRGLQJ SXWDWLYH
SRO\JDODFWXURQDVHV ZHUH REWDLQHG XVLQJ WKH
,QYLWURJHQ *HQH5DFHU NLW DFFRUGLQJ WR
LQVWUXFWLRQV SURYLGHG E\ WKH PDQXIDFWXUHU 7RWDO
51$ VDPSOHV ZHUH WUHDWHG ZLWK ERWK FDOI
LQWHVWLQDO SKRVSKDWDVH DQG WREDFFR DFLG
S\URSKRVSKDWDVH WR IDFLOLWDWH ᓉ FORQLQJ $OO 3&5
SULPHUV ZHUH GHVLJQHG XVLQJ 3ULPHU
KWWSIURGRZLPLWHGXFJLELQSULPHU
SULPHUBZZZFJL 5R]HQ HW DO  DQG 3&5
ZDV SHUIRUPHG XVLQJ $SSOLHG %LRV\VWHPV
$PSOL7DT *ROG SRO\PHUDVH 5$&( SURGXFWV
ZHUH JHO SXULILHG DQG FORQHG LQWR ,QYLWURJHQ S&5
7232 SODVPLGV WKHQ WUDQVIRUPHG LQWR 2QH
6KRW 723 FKHPLFDOO\ FRPSHWHQW FHOOV $IWHU
VHTXHQFHV ZHUH PDQXDOO\ DVVHPEOHG LQWR
IXOOOHQJWK JHQHV ILUVW VWUDQG F'1$ ZDV
UHDPSOLILHG ZLWK $SSOLHG %LRV\VWHPV *HQH$PS
KLJK ILGHOLW\ SRO\PHUDVH XVLQJ SULPHUV GHVLJQHG
WR DPSOLI\ WKH HQWLUH RSHQ UHDGLQJ IUDPH 7R
LGHQWLI\ SRVVLEOH LQWURQV DGGLWLRQDO SULPHUV ZHUH
GHVLJQHG DQG VLPLODUO\ XVHG WR DPSOLI\ JHQRPLF
'1$ 7KH DPSOLFRQV ZHUH FORQHG DQG VHTXHQFHG
DQG WKH UHVXOWLQJ VHTXHQFHV ZHUH XVHG WR
UHFRQFLOH WKH JHQH VHTXHQFHV DVVHPEOHG IURP
(67VDQG5$&(SURGXFWV
Sequencing and Analysis
&ORQHV ZHUH VHTXHQFHG RQ DQ $SSOLHG %LRV\VWHPV
$%, DW WKH 86'$ *HQRPLFV &HQWHU LQ
6WRQHYLOOH 06 DQG FRPSDUHG ZLWK QXFOHRWLGH DQG
WUDQVODWHG SURWHLQV SXEOLVKHG LQ *HQ%DQN XVLQJ
WKH 1&%, %/$67 DQDO\VLV SURJUDPV EODVWQ DQG
WEODVW[ $OWVFKXO HW DO  2SHQ UHDGLQJ IUDPHV
ZHUH LGHQWLILHG DQG WUDQVODWHG DQG SURWHLQ
FKDUDFWHULVWLFV LGHQWLILHG XVLQJ '1$67$5
/DVHUJHQH VRIWZDUH 0XOWLSOH DOLJQPHQWV ZHUH
SHUIRUPHG XVLQJ 0(*$  VRIWZDUH .XPDU HW
DO  RU VXEPLWWHG WR WKH &/867$/ :
YHUVLRQ  RQOLQH VHUYLFH
KWWSZZZHELDFXNFOXVWDOZ +LJJLQV HW DO
 3K\ORJHQHWLF FRPSDULVRQV ZHUH PDGH
XVLQJ WKH QHLJKERU MRLQLQJ PHWKRG DQG
UHFRQVWUXFWHG ZLWK  UHSOLFDWH ERRWVWUDS
DQDO\VLV 6LJQDO SHSWLGHV ZHUH LGHQWLILHG XVLQJ WKH
6LJQDO3RQOLQHVHUYHU%HQGWVHQHWDO
Semiquantitative RT-PCR
7RWDO 51$ VDPSOHV ZHUH GLOXWHG WR D
FRQFHQWUDWLRQ RI  QJƫO DQG  QJ ZDV XVHG
LQ UHYHUVH WUDQVFULSWLRQ UHDFWLRQV XVLQJ $PELRQ
00/9 UHYHUVH WUDQVFULSWDVH 51DVH LQKLELWRU
DQG 2OLJRG7 SULPHUV IROORZLQJ PDQXIDFWXUHU
LQVWUXFWLRQV 7KH QXPEHU RI F\FOHV UHTXLUHG WR
SURGXFH YLVLEOH EDQGV EXW DYRLG VDWXUDWLRQ ZDV
GHWHUPLQHG HPSLULFDOO\ WR DQDO\]H GHYHORSPHQWDO
VWDJHV RI LQVHFWV 7\SLFDOO\  F\FOHV ZHUH XVHG
IRU L. lineolaris SRO\JDODFWXURQDVH 7\SLFDO F\FOLQJ
FRQGLWLRQV ZHUH  PLQ & LQLWLDO GHQDWXUDWLRQ
VWHS IROORZHG E\ UHSHDWHG F\FOHV RI & IRU V
& IRU V & IRU V DQG ILQDO H[WHQVLRQ IRU
 PLQ DW & 3ULPHUV XVHG WR DPSOLI\
IXOOOHQJWK JHQHV ZHUH DOVR XVHG IRU H[SUHVVLRQ
HYDOXDWLRQV ([SHULPHQWV ZLWK LQVHFW VWDJHV ZHUH
SHUIRUPHG WZLFH DQG EHFDXVH WRWDO 51$ IURP
DGXOW VSHFLPHQV UHSUHVHQWHG LQGLYLGXDOV VL[
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 1*HQRPLFVHTXHQFHRI Lygus lineolaris SRO\JDODFWXURQDVH3*/RZHUFDVHOHWWHUVGHQRWHLQWURQLQWKH
ᓉ XQWUDQVODWHGUHJLRQ6WDUWDQGVWRSFRGRQVDUHLQGLFDWHGLQEROG3XWDWLYHSRO\DGHQ\ODWLRQVLJQDOLVXQGHUVFRUHG
*HQ%DQNDFFHVVLRQQXPEHU(8
DGGLWLRQDO PDOH DQG VL[ DGGLWLRQDO IHPDOH DGXOWV
ZHUH XVHG LQ D IROORZXS H[SHULPHQW ([SUHVVLRQ
FRQWUROV ZHUH FKRVHQ IURP VHYHUDO VHTXHQFHV WKDW
ZHUH H[SHFWHG WR EH H[SUHVVHG FRQVWLWXWLYHO\ DW
DOO VWDJHV RI GHYHORSPHQW DQG HYDOXDWHG ZKLOH WKH
VHPLTXDQWLWDWLYH F\FOLQJ SDUDPHWHUV ZHUH
HPSLULFDOO\ GHWHUPLQHG L. lineolaris F'1$
OLEUDU\ VHTXHQFHV KRPRORJRXV WR F\WRSODVPLF
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 13ULPHUVXVHGWRDPSOLI\SRO\JDODFWXURQDVHDQGORDGLQJFRQWUROSXWDWLYHLGHQWLILFDWLRQVEDVHGRQ
KRPRORJ\JHQHVFRPSOHPHQWDU\DQGJHQRPLFIURP Lygus lineolaris '1$
Gene or EST Primer description Location Sequence (5ᓉ-3ᓉ)
Llpg1 ,QLWLDO5$&(IRUᓉ HQGDQGJHQRPLFLQWURQ  &&7*777**&$*&$&&&$*77*$
Llpg1 1HVWHG5$&(IRUᓉ HQG  $&**&$&&*7$$*&$*$7$&*$7*$
Llpg1 ,QLWLDO5$&(IRUᓉ HQG  7$7&*7&77&$$&$$&*7*&*$**$
Llpg1 1HVWHG5$&(IRUᓉ HQG  *&$$&$77$$&*7&$&7**$**7&$
Llpg1 573&5IRUZDUGDQGIXOOOHQJWKSURRIUHDG  *$&$$$&***&7*7*$$7$
Llpg1 573&5UHYHUVH  $****$&$$$7&$$**&7&7
Llpg1 )XOOOHQJWKSURRIUHDG  77777777777**&77&$$$77*
Llpg1 *HQRPLFLQWURQIRUZDUG  7*&&$$$$&7*$&7*&7$77&&
Llpg2 ,QLWLDO5$&(IRUᓉ HQG  **$&77**$**7&7&7*$7*$&*$7
Llpg2 1HVWHG5$&(IRUᓉ HQG  &$$&&$&*$$*$$&$$*&$&&&$$*
Llpg2 ,QLWLDO5$&(IRUᓉ HQG  $&&&$$&7**7*$*&&$$&$77&77
Llpg2 1HVWHG5$&(IRUᓉ HQG  7*&7$**$$&7**$$*7***$$$7*
Llpg2 573&5IRUZDUGDQGIXOOOHQJWKSURRIUHDG  *77$*&$*&&&&$*$$*7
Llpg2 573&5UHYHUVH  &$7&**$77&&$$*$77&
Llpg2 )XOOOHQJWKSURRIUHDG  &$$7*$$7$$&$7&7*$*7*$&*
Llpg3 ,QLWLDO5$&(IRUᓉ HQG  *77&&7**&77*$&*$$77&$$$$
Llpg3 1HVWHG5$&(IRUᓉ HQG  7*&7*&*$&*&$&$7&$$$$77&
Llpg3 ,QLWLDO5$&(IRUᓉ HQG  7**&$*77**$**$7$&&$$*7*$
Llpg3 1HVWHG5$&(IRUᓉ HQG  $**$&*7&$&7*$7*&7**$&7
Llpg3 573&5IRUZDUGDQGIXOOOHQJWKSURRIUHDG  $**777&7*$$&&&&$$$
Llpg3 573&5UHYHUVHDQGIXOOOHQJWKSURRIUHDG  7777*7&7*&&7*7$7*$7*
ULERVRPDO6 573&5ORDGLQJFRQWURO  &&**7&$*$*$$&&$*$7
ULERVRPDO6 573&5ORDGLQJFRQWURO  *7$&**$**&77**$*$*
ULERVRPDO6 573&5ORDGLQJFRQWURO  *$$**&7**7$7*$$7**
ULERVRPDO6 573&5ORDGLQJFRQWURO  7&*&$$$&777&77$7&*
DFWLQ 573&5ORDGLQJFRQWURO  &*$7&7$&*$***$7$&*&7
DFWLQ 573&5ORDGLQJFRQWURO  $&$**7&&77$&**$7*7&&
DFWLQ '4 ULERVRPDO 6 '< DQG
6 '< ZHUH H[SUHVVHG LQ DOO VDPSOHV
&RQWURO VDPSOHV UHTXLUHG  3&5 F\FOHV 5HODWLYH
H[SUHVVLRQ OHYHOV ZHUH HVWLPDWHG DQG QRUPDOL]HG
WR WKH FRQWUROV IURP JHO EDQG GHQVLW\
PHDVXUHPHQWV FDOFXODWHG XVLQJ 7RWD/DE 7/
JHODQDO\VLVVRIWZDUH
Results
([SUHVVHG VHTXHQFHG WDJV IURP D F'1$ OLEUDU\
$OOHQ  ZHUH SUHOLPLQDULO\ LGHQWLILHG DV
SRO\JDODFWXURQDVH HQFRGLQJ JHQHV EDVHG RQ
VLPLODULW\ WR NQRZQ IXQJDO VHTXHQFHV 7KH WKUHH
OLEUDU\ VHTXHQFHV ZHUH FRPSDUHG WR RQH DQRWKHU
DQG IRXQG WR EH KLJKO\ GLYHUJHQW DW WKH QXFOHRWLGH
OHYHO H[FHSW IRU D  QW SRUWLRQ RI Llpg2 DQG
Llpg3 ZLWK   LGHQWLWLHV DQG QR JDSV
7KH FRUUHVSRQGLQJ WUDQVODWLRQ RI WKHVH
QXFOHRWLGHV UHVSHFWLYHO\ 3*3* IRU
QRQLGHQWLWLHV LV .3*779  ,(  9)$ 
5*5,  97)*<.(:.  5*3 $OO WKUHH
H[SUHVVHG VHTXHQFHG WDJV GLIIHUHG DW WKH
QXFOHRWLGH OHYHO IURP DOO RWKHU VHTXHQFHV LQ
1&%,*HQ%DQN 7KH ORZ VHTXHQFH VLPLODULW\
EHWZHHQ WKH WKUHH H[SUHVVHG VHTXHQFHG WDJV DQG
WKHLU PRGHUDWH WUDQVODWHG DPLQR DFLG VLPLODULWLHV
WR VHYHUDO IXQJXV DQG ERWK LQVHFW
SRO\JDODFWXURQDVHV LQGLFDWHG WKDW WKHVH ZHUH
SUREDEO\ XQLTXH SURGXFWV VR WKH JHQHV ZHUH
FORQHG LQ WKHLU HQWLUHW\ XVLQJ 5$&( IROORZHG E\
DPSOLILFDWLRQ RI FRPSOHWH FRGLQJ VHTXHQFHV IURP
F'1$ 6SHFLILF SULPHUV XVHG IRU DOO WKUHH JHQHV
DUH VKRZQ LQ 7DEOH  :KHQ WKH VSHFLILF SULPHUV
ZHUH XVHG WR WU\ WR DPSOLI\ JHQRPLF VHTXHQFHV
PXOWLSOH EDQGV ZHUH REWDLQHG VXJJHVWLQJ WKH
H[LVWHQFH RI HLWKHU LQWURQV PXOWLSOH LVRIRUPV RU
SVHXGRJHQHV ZLWKLQ WKH JHQRPH )RU Llpg1 WKH
JHQRPLF DPSOLFRQV ZHUH ORQJHU WKDQ WKH F'1$
VHTXHQFH VR VSHFLILF SULPHUV 7DEOH  ZHUH XVHG
WR DPSOLI\ D  ES LQWURQ LQ WKH ᓉ XQWUDQVODWHG
UHJLRQ 7KH GHGXFHG JHQRPLF VHTXHQFH IRU Llpg1
LV VKRZQ LQ )LJXUH  7KH WKUHH F'1$ VHTXHQFHV
ZHUH VXEPLWWHG WR WKH 1&%,*HQ%DQN GDWDEDVH DV
&RUH1XFOHRWLGHV XQGHU DFFHVVLRQ QXPEHUV
'4'4DQG'4
7KH WKUHH F'1$¶V HQFRGH SXWDWLYH SRO\
JDODFWXURQDVHV RI   DQG  DPLQR DFLGV
IRU Llpg1 Llpg2 DQG Llpg3 UHVSHFWLYHO\ )LJXUH
$ 7KH /O3* HQ]\PH ZDV SUHGLFWHG WR KDYH D
 DPLQR DFLG VLJQDO SHSWLGH SUREDELOLW\ 
FOHDYDJH VLWH SUREDELOLW\  %HQGWVHQ HW DO
 ZLWK WKH PROHFXODU ZHLJKW RI WKH PDWXUH
HQ]\PH SUHGLFWHG WR EH  N' 7KH /O3*
SURWHLQ LV DOVR SUHGLFWHG WR KDYH D  DPLQR DFLG
VLJQDO SHSWLGH SUREDELOLW\  FOHDYDJH VLWH
SUREDELOLW\  DQG D PROHFXODU ZHLJKW RI 
N' IRU WKH PDWXUH SHSWLGH /O3* LV SUHGLFWHG WR
KDYH D  DPLQR DFLG VLJQDO SHSWLGH SUREDELOLW\
 FOHDYDJH VLWH SUREDELOLW\  OHDGLQJ WR
D SUHGLFWHG PROHFXODU ZHLJKW RI  N' IRU WKH
PDWXUH SHSWLGH 7KH DPLQR DFLG VHTXHQFHV RI WKH
WKUHH SXWDWLYH HQ]\PHV DV ZRXOG EH H[SHFWHG DUH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661






DOVR KLJKO\ GLYHUJHQW ZLWK /O3* KDYLQJ 
LGHQWLW\ WR /O3* DQG  LGHQWLW\ /O3* ZKLOH
/O3* VKDUHV  LGHQWLW\ ZLWK /O3* )LJXUH
$
'HVSLWH WKH ORZ GHJUHH RI VHTXHQFH LGHQWLW\ IRXQG
DPRQJ WKH SXWDWLYH L. lineolaris
SRO\JDODFWXURQDVHV WKH WKUHH HQ]\PHV FRQWDLQ WKH
VWULFWO\ FRQVHUYHG DPLQR DFLG UHVLGXHV IRXQG
DFURVV DOO IXQJDO DQG EDFWHULDO SRO\JDODFWXURQDVHV
LVRODWHG WR GDWH .HVWHU HW DO  7KH WKUHH
VWULFWO\ FRQVHUYHG DVSDUWLF DFLG UHVLGXHV LQYROYHG
LQ FDWDO\VLV $UPDQG HW DO  3LFNHUVJLOO HW DO
 YDQ 6DQWHQ HW DO  WKH FRQVHFXWLYH
DVSDUWLF DFLG UHVLGXHV $VS DQG $VS /O3*
QXPEHULQJ XVHG WKURXJKRXW DORQJ ZLWK $VS 
DUH FRQVHUYHG LQ DOO WKUHH SXWDWLYH L. lineolaris
SRO\JDODFWXURQDVHV )LJXUH % 7KH SXWDWLYH
HQ]\PHV DOVR FRQWDLQ WKH VWULFWO\ FRQVHUYHG
UHVLGXHV $UJ /\V DQG 7\U )LJXUH %
/O3* DQG /O3* SRVVHVV WKH VWULFWO\ FRQVHUYHG
KLVWLGLQH UHVLGXH +LV KRZHYHU /O3*
VXEVWLWXWHV DQ DVSDUDJLQH UHVLGXH DW WKLV SRVLWLRQ
)LJXUH $ 7KH LPSDFW RI WKLV VXEVWLWXWLRQ RQ
/O3* LV XQFOHDU EXW PD\ OHDG WR DQ LQHIILFLHQW
FDWDO\VW DV WKH +LV UHVLGXH KDV EHHQ LPSOLFDWHG
LQ VXEVWUDWH ELQGLQJ RI A. niger HQGR3* ,, YDQ
6DQWHQ HW DO  7KH L. lineolaris
SRO\JDODFWXURQDVHV FRQWDLQ WZR SRWHQWLDO GLVXOILGH
EULGJHV D GHSDUWXUH IURP WKH IRXU GLVXOILGH
EULGJHV IRXQG LQ IXQJDO HQGRSRO\JDODFWXURQDVHV
2QH SRWHQWLDO GLVXOILGH EULGJH LQYROYHV &\V
DQG &\V  YHU\ QHDU WKH DFWLYH VLWH )LJXUH $
7KLV GLVXOILGH EULGJH FRQQHFWV WZR DGMDFHQW
ơKHOLFDO WXUQV LQ A. niger DQG A. aculeatus
SRO\JDODFWXURQDVH FU\VWDO VWUXFWXUHV &KR HW DO
 YDQ 6DQWHQ HW DO  7KH VHFRQG








Protein Accession Nucleotide Accession Length (aa) Species Taxon Species
13B 1&B  Bradyrhizobium japonicum %DFWHULD Bradyrhizobium japonicum
=3B 1=B$$/:  Caldicellulosiruptor saccharolyticus %DFWHULD Caldicellulosiruptor saccharolyticus
=3B 1=B$$47  Clostridium phytofermentans %DFWHULD Clostridium phytofermentans
=3B 1=B$$$.  Enterococcus faecium %DFWHULD Enterococcus faecium
=3B 1=B$$30  Flavobacterium johnsoniae %DFWHULD Flavobacterium johnsoniae
;3B ;0B  Aspergillus fumigatus )XQJL Aspergillus fumigatus
&$% <  Aspergillus niger HQGR3*% )XQJL Aspergillus niger HQGR3*%
&$$ ;  Aspergillus niger HQGR3*,, )XQJL Aspergillus niger HQGR3*,,
&$$ ;  Aspergillus niger 3* )XQJL Aspergillus niger 3*
$$$ 0  Cochliobolus carbonum )XQJL Cochliobolus carbonum
&$$ ;  Colletotrichum lindemuthiana )XQJL Colletotrichum lindemuthiana
($$ $$&0  Fusarium graminearum )XQJL Fusarium graminearum
%$% $%  Kluyveromyces wickerhamii )XQJL Kluyveromyces wickerhamii
$$) $)  Penicillium griseoroseum )XQJL Penicillium griseoroseum
%$$ '  Penicillium janthinellum )XQJL Penicillium janthinellum
&$% $-  Penicillium olsonii 3* )XQJL Penicillium olsonii 3*
&$% $-  Penicillium olsonii 3* )XQJL Penicillium olsonii 3*
&$$ <  Phaedon cochleariae ,QVHFWV Phaedon cochleariae
$$* $)  Sitophilus oryzae ,QVHFWV Sitophilus oryzae
$$0 $<  Meloidogyne incognita 1HPDWRGHV Meloidogyne incognita
13B 10B  Arabidopsis thaliana 3ODQWV Arabidopsis thaliana
&$$ ;  Brassica napus 3ODQWV Brassica napus
&$' $-  Brassica rapa rapa 3ODQWV Brassica rapa rapa
$$< $<  Glycine max 3ODQWV Glycine max
13B 10B  Oryza sativa 3ODQWV Oryza sativa
&$% $-  Phleum pratense 3ODQWV Phleum pratense
&$+ $-  Pyrus communis 3ODQWV Pyrus communis
&$$ $-  Rubus idaeus 3ODQWV Rubus idaeus
%$% $%  Zinnia elegans 3ODQWV Zinnia elegans
&WHUPLQXV RI WKH WKUHH HQ]\PHV &\V DQG
&\V )LJXUH $ DQG LV H[SHFWHG WR EORFN
DFFHVV WR WKH FRUH RI WKH ơKHOL[ VWUXFWXUH FRPPRQ
WR IDPLO\  SRO\JDODFWXURQDVHV &KR HW DO 
0DUNRYLFHWDO YDQ6DQWHQHWDO
$ SRO\JDODFWXURQDVH SK\ORJHQHWLF WUHH ZDV
FRQVWUXFWHG WR IDFLOLWDWH FRPSDULVRQ RI
SRO\JDODFWXURQDVHV IURP L. lineolaris WZR RWKHU
LQVHFWV DQG RWKHU WD[D 7KH IXQJDO SODQW DQG
EDFWHULDO SRO\JDODFWXURQDVH VHTXHQFHV XVHG ZHUH
WKRVH LGHQWLILHG E\ WEODVW[ WR EH WKH PRVW VLPLODU
WR LQVHFW SRO\JDODFWXURQDVHV 7KH VLQJOH QHPDWRGH
SRO\JDODFWXURQDVH GHVFULEHG WR GDWH WKDW IURP
Meloidogyne incognita ZDV DOVR LQFOXGHG
6SHFLHV XVHG IRU DQDO\VLV DUH VKRZQ LQ 7DEOH 
DQG WKH WUHH LV SUHVHQWHG LQ )LJXUH  :KLOH WKH
LQVHFW SRO\JDODFWXURQDVHV ZHUH FOHDUO\ PRVW
FORVHO\ UHODWHG WR IXQJDO SRO\JDODFWXURQDVHV WKH
LQVHFW SRO\JDODFWXURQDVHV ZHUH GLVWLQFWO\
VHSDUDWHG IURP WKH IXQJL DOEHLW LQ WZR JURXSV
7KH WZR SRO\JDODFWXURQDVHV LGHQWLILHG IURP
EHHWOHV S. oryzae DQG P. cochleariae IRUPHG D
JURXS SK\ORJHQHWLFDOO\ VHSDUDWH IURP WKH WKUHH
/\JXVSRO\JDODFWXURQDVHV)LJXUH
7R JDLQ IXQFWLRQDO LQVLJKW LQWR WKH RI Llpg JHQHV
WUDQVFULSWLRQDO SURILOLQJ ZDV SHUIRUPHG DW YDULRXV
GHYHORSPHQWDO VWDJHV 573&5 ZDV FDUULHG RXW
XVLQJ 51$ UHYHUVH WUDQVFULEHG IURP HJJV DW DQ
HDUO\ DQG ODWH VWDJH RI GHYHORSPHQW
DSSUR[LPDWHO\ GD\  DQG GD\  UHVSHFWLYHO\ IURP
VPDOO ZKROH VHFRQG LQVWDU Q\PSKV IURP ILIWK
LQVWDU SUHDGXOW Q\PSKV WKDW FRXOG EH VHJUHJDWHG
E\ VH[ DQG IURP DGXOW PDOHV DQG DGXOW IHPDOHV
7KH VDPSOH VL]HV ZHUH EDVHG RQ FDOFXODWHG
ELRPDVV RI  PJ WKHUHIRUH D WRWDO 51$ H[WUDFW
ZDV SUHSDUHG IURP  HJJV  VPDOO Q\PSKV 
ZKROH SUHDGXOW Q\PSKV DQG  ZKROH DGXOW
5HSOLFDWH VDPSOHV ZHUH SUHSDUHG DQG D VHULHV RI
VHPLTXDQWLWDWLYH DPSOLILFDWLRQV FRQILUPHG WKDW
WKH LlpgV ZHUH QRW H[SUHVVHG LQ HJJV EXW ZHUH
H[SUHVVHG LQ DOO IHHGLQJ VWDJHV )LJXUH  $&
([SUHVVLRQ DSSHDUHG KLJKO\ YDULDEOH ERWK ZLWKLQ
DQG EHWZHHQ VWDJHV DQG VH[HV %HFDXVH WKH DGXOW
VDPSOHV UHSUHVHQWHG VR IHZ LQGLYLGXDOV
DGGLWLRQDO VDPSOHV ZHUH SUHSDUHG IURP ZKROH
DGXOWV DQG VHPLTXDQWLWDWLYH 3&5 ZDV UHSHDWHG
XVLQJ WKH VDPH F\FOLQJ SURJUDP )LJXUH  '
([SUHVVLRQ FRQWUROV L. lineolaris VHTXHQFHV
KRPRORJRXV WR F\WRSODVPLF DFWLQ ULERVRPDO 6
DQG 6 ZHUH H[SUHVVHG DW DOO VWDJHV RI
GHYHORSPHQW SULPHUV VKRZQ LQ 7DEOH  DW
VLPLODU LQWHQVLW\ 9DULDELOLW\ RI Llpg H[SUHVVLRQ LQ
DGXOW VSHFLPHQV DQG 6 LV LOOXVWUDWHG LQ )LJXUH 
'
Discussion
7KUHH F'1$V HQFRGLQJ WKUHH XQLTXH SXWDWLYH
SRO\JDODFWXURQDVHV ZHUH LVRODWHG DQG FRPSOHWHO\
VHTXHQFHG 7KH L. lineolaris JHQHV HQFRGH





SRO\JDODFWXURQDVHV LQ ERWK VHTXHQFH SUHGLFWHG
VLJQDO SHSWLGH DQG SUHGLFWHG PROHFXODU ZHLJKW
*LUDUG HW DO  6KHQ HW DO  6KHQ HW DO
 7KH GHGXFHG SURWHLQ SURGXFWV RI WKH L.
lineolaris JHQHV DV ZHOO DV WKH SUHYLRXVO\ LVRODWHG
LQVHFW SRO\JDODFWXURQDVHV DUH PRVW FORVHO\ UHODWHG
WR IXQJDO SRO\JDODFWXURQDVHV )LJXUH  6KHQ HW
DO  K\SRWKHVL]HG WKDW WKH S. oryzae
SRO\JDODFWXURQDVH JHQHV PD\ KDYH EHHQ
KRUL]RQWDOO\WUDQVIHUUHGIURPDIXQJDOVSHFLHV
7KH Llpg WUDQVODWLRQ SURGXFWV FRQWDLQ PDQ\
FKDUDFWHULVWLF IHDWXUHV RI SRO\JDODFWXURQDVHV
LQFOXGLQJ IRXU VWULFWO\ FRQVHUYHG VHJPHQWV DQG DQ
LQYDULDQWO\ FRQVHUYHG W\URVLQH UHVLGXH 0DUNRYLF
HW DO  +RZHYHU VRPH VHPL RU
QRQFRQVHUYHG FKDUDFWHULVWLFV PD\ SURYH
UHVSRQVLEOH IRU HQ]\PDWLF GLIIHUHQFHV ZKHQ
IXUWKHU VWXGLHG 2QH H[FHSWLRQ WR WKH FRQVHQVXV
ZDV DQ DVSDUDJLQH UHVLGXH VXEVWLWXWHG IRU WKH
FRQVHUYHG +LV LQ /O3* 7KLV KLVWLGLQH LV
VWULFWO\ FRQVHUYHG LQ IXQJDO SRO\JDODFWXURQDVHV
DQG ZKHQ PXWDWHG LQ A. niger HQGR3* ,, OHG WR
DQ HQ]\PH ZLWK OHVV WKDQ  RI WKH ZLOGW\SH
DFWLYLW\ YDQ 6DQWHUQ HW DO  7KH KLVWLGLQH
UHVLGXH LV WKRXJKW WR SOD\ D UROH LQ VXEVWUDWH
ELQGLQJ YDQ 6DQWHUQ HW DO  KRZHYHU WKH
LPSDFW RI WKLV VXEVWLWXWLRQ RQ SRWHQWLDO /O3*
DFWLYLW\ LV XQFOHDU DQG ZLOO UHTXLUH PRUH GHWDLOHG
VWXGLHVRIWKHLVRODWHGHQ]\PH
7KH L. lineolaris SRO\JDODFWXURQDVHV SRWHQWLDOO\
FRQWDLQ RQO\ WZR RI WKH IRXU GLVXOILGH EULGJHV
)LJXUH  IRXQG LQ SRO\JDODFWXURQDVHV IURP
FROHRSWHUDQV DQG IXQJL 7KLV LV QRW XQH[SHFWHG DV
VWUXFWXUH DQG IXQFWLRQ DUH OLNHO\ WR GLIIHU EHWZHHQ
EHHWOH PLULG DQG IXQJDO SRO\JDODFWXURQDVHV GXH
WR WKH HQYLURQPHQWV IRXQG LQ WKH LQVHFW JXWV DQG
IXQJDO HQYLURQV YHUVXV WKH L. lineolaris
SRO\JDODFWXURQDVHV WKDW DUH VHFUHWHG LQWR VDOLYD
WKDW LV LQMHFWHG LQWR D SODQW IRU H[WUDRUDO GLJHVWLRQ
RI WKH FHOO ZDOOV 7KH L. lineolaris HQ]\PHV DUH
XQLTXH LQ WKDW WKH GLVXOILGH EULGJH IRXQG QHDU WKH
1WHUPLQXV RI DOO SUHYLRXVO\ LVRODWHG
SRO\JDODFWXURQDVHV GRHV QRW H[LVW LQ WKH SXWDWLYH
/O3*V 7KLV GLVXOILGH EULGJH LQ FRPELQDWLRQ ZLWK
RWKHU VWUXFWXUDO IHDWXUHV VHUYHV DV D VKLHOG WR WKH
LQQHU FRUH RI WKH ơKHOL[ VWUXFWXUH H[SHFWHG WR EH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661






FRPPRQ DPRQJ DOO IDPLO\  K\GURODVHV &KR HW
DO  +RZ WKH L. lineolaris HQ]\PHV
DFFRPSOLVK WKH VKLHOGLQJ RI WKH ơKHOL[ FRUH DQG
ZKDW LPSDFW LW PD\ KDYH RQ HQ]\PH DFWLYLW\
DQGRU VWDELOLW\ ZLOO UHTXLUH PRUH VWXGLHV 7KH
HQ]\PHV DOVR GR QRW KDYH ZKDW PD\ EH UHIHUUHG WR
DV WKH UG GLVXOILGH EULGJH WKDW SURYLGHV VWUXFWXUDO
VWDELOLW\ LQ WKH A. niger HQGRSRO\JDODFWXURQDVH ,,
HQ]\PH YDQ 6DQWHQ HW DO  KRZHYHU WKLV
GLVXOILGH EULGJH LV QRW VWULFWO\ FRQVHUYHG DFURVV
RWKHU VSHFLHV 7KH SXWDWLYH L. lineolaris
SRO\JDODFWXURQDVHV GR FRQWDLQ WKH GLVXOILGH
EULGJHV QHDU WKH DFWLYH VLWH DQG WKH &WHUPLQDO
HQG 7KH &WHUPLQDO GLVXOILGH EULGJH ZKLFK DOVR
DFWV DV D VKLHOG IRU WKH ơKHOL[ FRUH LV SUHVHQW LQ
WKH L. lineolaris HQ]\PHV DQG LV VLPLODU WR WKH
EULGJHV IRXQG LQ SODQW LQVHFW DQG IXQJDO
SRO\JDODFWXURQDVHV EXW QRW EDFWHULDO
SRO\JDODFWXURQDVHV 7KLV LV DQ LPSRUWDQW
GLVWLQFWLRQ DV WKLV VXSSRUWV WKH DVVXPSWLRQ WKDW
WKH JHQHV LVRODWHG KHUH DUH LQGHHG RI L. lineolaris
RULJLQ
:KHQ D VLPLODU SRO\JDODFWXURQDVH JHQH ZDV
FORQHG IURP WKH ULFH ZHHYLO S. oryzae WKH
SRVVLELOLW\ WKDW LW ZDV RI HQGRV\PELRQW UDWKHU
WKDQ LQVHFW RULJLQ ZDV UDLVHG 7KLV TXHVWLRQ ZDV
FDUHIXOO\ H[DPLQHG DQG WKH HIIRUW OHG WR WKH
FRQFOXVLRQ WKDW WKH VHTXHQFH ZDV D VLQJOH FRS\
SRO\JDODFWXURQDVH JHQH LQ WKH LQVHFW JHQRPH
6KHQ HW DO  +RZHYHU EHFDXVH WKH S.
oryzae SRO\JDODFWXURQDVH JHQH IURP ZDV VKRZQ WR
EH PRUH VLPLODU WR IXQJDO SRO\JDODFWXURQDVH JHQHV
WKDQ WR DQ\ NQRZQ LQVHFW JHQHV WKH DXWKRUV
VSHFXODWHG WKDW WKH JHQH ZDV WUDQVIHUUHG
KRUL]RQWDOO\ IURP D IXQJXV WR DQ HDUO\ FROHRSWHUDQ
6KHQ HW DO  7KH P. cochleariae
SRO\JDODFWXURQDVH ZDV DOVR FRQFOXGHG WR KDYH
RULJLQDWHG IURP WKH LQVHFW JHQRPH EDVHG RQ
VFUHHQLQJ RI WKH PLFURELDO IDXQD RI WKH LQVHFW DW
VHYHUDO LQVHFW OLIH VWDJHV DQG WKH SUHVHQFH RI ᓉ
SRO\$ WDLOV *LUDUG HW DO  7KH L. lineolaris
F'1$ VHTXHQFHV IURP ZKLFK WKH
SRO\JDODFWXURQDVH JHQHV ZHUH LGHQWLILHG DOWKRXJK
DGPLWWHGO\ IHZ FRQWDLQHG QR RWKHU VHTXHQFHV WKDW
ZRXOG LQGLFDWH WKH SUHVHQFH RI HQGRV\PELRWLF
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
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6ULERVRPDOVWDQGDUG
RUJDQLVPV $OOHQ  'HVSLWH WKLV JHQXV EHLQJ
WKH IRFXV RI PRUH VWXG\ WKDQ PRVW RI WKH
UHPDLQGHU RI WKH IDPLO\ 0LULGDH DQG GHVSLWH WKH
GRFXPHQWHG SUHVHQFH RI HQGRV\PELRQWV LQ PDQ\
KHWHURSWHUDQ DQG KRPRSWHUDQ UHODWLYHV QR
HQGRV\PELRQWV KDYH EHHQ IRXQG LQ D Lygus
VSHFLHV .LNXFKL HW DO  $GGLWLRQDOO\
GRFXPHQWHG SDWKRJHQ WUDQVPLVVLRQ LV UDUH LQ
Lygus :KHHOHU  7KH WKUHH
SRO\JDODFWXURQDVH JHQHV GHVFULEHG KHUH DUH PRUH
FORVHO\ UHODWHG WR RQH DQRWKHU DQG WR WKH RWKHU
LQVHFW SRO\JDODFWXURQDVHV WKDQ WR WKH PRVW VLPLODU
IXQJDO SRO\JDODFWXURQDVHV ZKHQ DQDO\]HG
SK\ORJHQHWLFDOO\ )LJXUH  DQG 7DEOH  ,W LV
DOPRVW FHUWDLQ WKDW WKHVH WKUHH JHQHV DUH RI L.
lineolaris JHQRPLF RULJLQ 7KH HYROXWLRQDU\ RULJLQ
RI WKHVH JHQHV LV DQ DUHD IRU PRUH VWXG\ $V
DGGLWLRQDO LQVHFW SRO\JDODFWXURQDVHV DUH LGHQWLILHG
DQG FKDUDFWHUL]HG LW LV OLNHO\ WKDW RQH RU PRUH
GLVWLQFWLQVHFWOLQHDJHVZLOOHPHUJH
,I WKH WKUHH SRO\JDODFWXURQDVH VHTXHQFHV
LGHQWLILHG IURP L. lineolaris DUH VDOLYDU\ RU
GLJHVWLYH HQ]\PHV WKH\ VKRXOG EH H[SUHVVHG LQ
IHHGLQJ VWDJHV RI WKH LQVHFW EXW QRW LQ WKH HJJ
VWDJH %HFDXVH WKUHH GLVWLQFW JHQHV ZHUH
LGHQWLILHG LW LV SRVVLEOH WKDW WKH\ DUH GLIIHUHQWLDOO\
H[SUHVVHG EDVHG RQ GHYHORSPHQW RU VH[ RU VRPH
RWKHU IDFWRU 7KH L. lineolaris F'1$ OLEUDU\ ZDV
GHULYHG IURP ILIWK LQVWDU PDOH Q\PSKV $OOHQ
 ZDUUDQWLQJ D GHWHUPLQDWLRQ RI H[SUHVVLRQ
IURP RWKHU OLIH VWDJHV ,Q HDFK UHSOLFDWH RI WKH
VWDJH H[SUHVVLRQ H[SHULPHQWV D ]HUR H[SUHVVLRQ
UHDGLQJ ZDV SUHVHQW LQ DW OHDVW RQH OLIH VWDJH IRU
Llpg3 7KLV DQG WKH RYHUDOO YDULDELOLW\ LQ
H[SUHVVLRQ LQGLFDWHG LQ )LJXUH  VXJJHVWV WKDW DOO
WKUHH JHQHV DUH GLIIHUHQWLDOO\ H[SUHVVHG LQ DOO
IHHGLQJ VWDJHV DQG DUH UHJXODWHG E\ IDFWRUV RWKHU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WKDQ GHYHORSPHQW RU VH[ 6DOLYDU\ SURWHLQ SURILOHV
IURP L. hesperus YDULHG GHSHQGLQJ RQ GLHW DQG
VWDUYDWLRQ VWDWXV +DELEL HW DO  (Q]\PHV
H[WUDFWHG IURP L. hesperus DQG L. lineolaris YDU\
LQ VSHFLILF DFWLYLW\ EHWZHHQ VSHFLHV DQG WLVVXH
$JXVWL HW DO  DQG GHSHQGLQJ RQ VWDUFK
VRXUFH $JEORU HW DO  7KH UDQJH RI GLJHVWLYH
HQ]\PHV SURGXFHG E\ L. hesperus DQG L.
lineolaris LV LQGLFDWLYH RI WKH SRO\SKDJRXV QDWXUH
RI WKHVH EXJV WKH\ QRW RQO\ DWWDFN SODQWV EXW DUH
IDFXOWDWLYH SUHGDWRUV DV ZHOO $JXVWL HW DO 
:KHHOHU  $OO RI WKH VSHFLPHQV LQ WKH
H[SUHVVLRQ VWXGLHV KHUH ZHUH ODERUDWRU\ UHDUHG RQ
DUWLILFLDO GLHW )XWXUH H[SUHVVLRQ DVVD\V XVLQJ D
YDULHW\ RI GLHWV PD\ SLQSRLQW KRVW FXHV WKDW
UHJXODWH H[SUHVVLRQ RI VSHFLILF SRO\JDODFWXURQDVH
JHQHV )XUWKHUPRUH OLEUDULHV GHULYHG IURP /\JXV
VDOLYDU\ JODQGV UDWKHU WKDQ ZKROH LQVHFW
VSHFLPHQV VKRXOG SURYLGH D PRUH FRPSOHWH VHW RI
SRO\JDODFWXURQDVH DQG RWKHU HQ]\PHV LQYROYHG LQ
H[WUDRUDO IHHGLQJ :H KDYH EHJXQ SUHSDUDWLRQ RI
WKHVHUHVRXUFHV
3XULILHG IXQJDO JHQHV IRU FDUERK\GUDWHGHJUDGLQJ
HQ]\PHV KDYH EHHQ XVHIXO IRU DQDO\VHV RI SODQW
FHOO ZDOOV %DXHU HW DO  'HJUDGDWLRQ RI
SHFWLQV LV LPSRUWDQW LQ IRRG WHFKQRORJ\ DQG ZDVWH
PDQDJHPHQW WKH Lygus VSS HQ]\PHV PD\ EH
LQGXVWULDOO\ XVHIXO $JEORU HW DO  7KH
VSHFLILFLW\ DQG DFWLYLW\ RI WKH L. lineolaris
HQ]\PHV DQG WKRVH IURP RWKHU LQVHFWV PD\ SURYH
XVHIXO LQ D QXPEHU RI DSSOLFDWLRQV 3HUKDSV PRVW
LPSRUWDQWO\ WKH LQWHUDFWLRQ EHWZHHQ Lygus VSS
SRO\JDODFWXURQDVHV DQG SODQW GHIHQVLYH SURWHLQV
VXFK DV SRO\JDODFWXURQDVHLQKLELWLQJ SURWHLQV
PD\OHDGWRQRYHOFURSSURWHFWLRQVWUDWHJLHV
,Q FRQFOXVLRQ WKH ILUVW WKUHH SRO\JDODFWXURQDVHV
IURP L. lineolaris KDYH EHHQ LGHQWLILHG $GGLWLRQDO
JHQH LGHQWLILFDWLRQV FDQ EH H[SHFWHG IURP WKLV DQG
RWKHU Lygus VSHFLHV DV ZHOO DV IURP RWKHU
SK\WRSKDJRXV PHPEHUV RI WKH IDPLO\ 0LULGDH
7KH JHQHV DUH WUDQVFULEHG LQ DOO IHHGLQJ VWDJHV DQG
DSSHDU WR EH KLJKO\ LQGXFLEOH 7KH VWLPXOL WKDW
GULYH H[SUHVVLRQ RI LQGLYLGXDO RU PXOWLSOH
SRO\JDODFWXURQDVHV FDQ QRZ EH WHVWHG DQG WKH
VSHFLILF FKDUDFWHULVWLFV DQG IXQFWLRQV RI WKH
LQGLYLGXDO RU FRPELQHG IRUPV ZLOO SURYLGH D EDVLV
IRU XQGHUVWDQGLQJ FRPEDWLQJ DQG SRVVLEO\
H[SORLWLQJWKLVSHVW
Disclaimer
7KLV DUWLFOH UHSRUWV WKH UHVXOWV RI UHVHDUFK RQO\
0HQWLRQ RI D FRPPHUFLDO RU SURSULHWDU\ SURGXFW
GRHV QRW FRQVWLWXWH DQ HQGRUVHPHQW RI WKH
SURGXFW E\ WKH 8QLWHG 6WDWHV 'HSDUWPHQW RI
$JULFXOWXUH
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